Alcohol dehydrogenase (Adh) (alcohol:NAD' oxidoreductase, EC 1.1.1.1) gene frequencies and ethanol tolerance in Drosophila melanogaster are known to exhibit long-range latitudinal variations on different continents; this has led to the argument that the clines are adaptive. Accordingly, tropical populations are characterized both by a low frequency of Adh-F and by a low ethanol tolerance. In the urban area of Brazzaville (Congo) under an equatorial African climate, an original genetic structure of local populations has been found: Adh-F frequency varies from 3% to 90% when countryside and brewery populations are compared. This variation is accompanied by an increase of ethanol tolerance (from 6% to 13% alcohol). Such differences, which have remained stable for the past 3 years, were observed between collection sites <1 km apart. Two other enzyme loci exhibited a correlated variation with Adh-F-i.e., an increase of the S allele of glycerol-3-phosphate dehydrogenase (NAD+) (sn-glycerol-3-phosphate:NAD' 2-oxidoreductase, EC 1.1.1.8) and of the F allele of glucose-6-phosphate dehydrogenase (D-glucose-6-phosphate:NADP+ 1-oxidoreductase, EC 1.1.1.49). Such observations suggest very strong selective pressures exerted by environmental ethanol that oppose the gene flow due to adult dispersal between contiguous habitats. A functional relationship between the polymorphisms of the three enzyme loci seems likely, and a metabolic interaction involving NAD and NADP cofactors is proposed.
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Restriction of gene flow, imposed by distance, geographic barriers, low dispersal capacities, or strong local selection is a basic problem in evolutionary genetics (1, 2) . In the neutralist/selectionist controversy of molecular evolution, the Adh (alcohol dehydrogenase; alcohol:NAD' oxidoreductase, EC 1.1.1.1) locus polymorphism in Drosophila melanogaster has often been used as a model for demonstrating adaptation to environmental alcohol (3) . However, detecting natural selection in the wild is a very difficult task (4) and is generally based on indirect evidence such as geographic or ecological correlations.
Natural populations of D. melanogaster exhibit a large amount of genetic differentiation, most of which arises from long-distance variation, such as geographic races or clines (5) , which, for example, contrast tropical and temperate populations. In only a few cases (6, 7) has local differentiation been described, but the temporal stability of these variations is rarely established. Such characteristics are generally considered to be a consequence of the strong dispersal capacities of fruit flies, which, in the case of D. melanogaster, are increased by artificial, human-linked transportation (5) . The best evidence of a worldwide gene flow in this species seems to be the recent invasion of all natural populations by the mobile P element (8) .
In 
MATERIALS AND METHODS
Drosophila adults were collected with banana traps in different places within the Brazzaville urban area. After anesthesia, D. melanogaster adults were sorted, put in vials on a sugar-agar medium, and sent immediately to France for genetic analysis. On arrival, adults were transferred to normal nutrient food to produce progeny; electrophoresis was then performed to identify their allozyme genotypes. In some cases, when the mortality during shipment was high, some of the individuals obtained from the sugar-agar vials, after addition of normal food, were used for both the genetic analysis and production of a mass culture.
At the beginning, attention was focused on the low ethanol tolerance of Congolese flies (9) Table  1 ). The relationship seems quite stable over the 3 years: an increase of 1% of the ethanol tolerance is accompanied by an increase of 10% of Adh-F.
Ethanol tolerance is also significantly related to the two other enzyme loci (Table 1 ) and, again, the results for the 3 successive years are similar. A stronger correlation exists with G6pd-F (r = 0.82) (Fig. 3) . Table 1 . The highest correlation (r = 0.84) exists between Adh and G6pd (Fig. 4) . The two others involving Gpdh are lower but still significant. The relationship between Adh-F and Gpdh-S is shown in Fig. 5 .
Temporal Stability of Local Populations. Results in Table 1 suggest that the relationships between the different characters have remained stable during the past 3 successive years. However, this kind of analysis only gives a general indication, since the same locations were not sampled each year. On the other hand, several sites have been sampled over successive years to access their temporal stability. The most numerous observations concern ethanol tolerance and Adh frequencies, and the correlations between successive samples are shown in Fig. 6 . The high correlations (r = 0.94 and 0.81, respectively; n = 13) are evidence of the genetic stability of these local populations. For the two other enzyme loci, the number of observations is lower: G6pd, r = 0.87, n = 6, P = 0.05; Gpdh, r = 0.25, n = 11, not significant. Microspatial Structure of Local Populations and Relationship with Distance. All the sites indicated in Fig. 1 are located within a small urban area, and the maximum distance between sampling places is 17 km. However, a detailed analysis showed that important variations could occur over much shorter distances. For example, in the eastern part of Brazzaville, the distance between sites 3 (Yoro) and 8 (Primus) is =1 km, and, over such a distance, the Adh-F frequency varies from 2% to 85%. In the middle of the city, four samples taken at site 20 (Bayi) averaged an Adh-F value of 88%. About 300 m apart, four samples taken at site 6 (Joseph) averaged only 57% of the same allele. A little further, -1 km apart, three samples from the Faculty of Science (site 5) and from INSSED (site 1) averaged 31% of Adh-F. Thus, significant and stable variations may occur over distances <1 km. For further analysis, the study sites were subdivided into three groups (A, B, and C) according to their proximity (see Fig. 1 ) and corresponding to western, central, and eastern parts of Brazzaville. Data of the three enzyme loci were analyzed by Wright's fixation index Fst and Nei's genetic distance, and the results are given in Table 2 . The total area of the three groups, as shown in Fig. 1, is 71 km2. The average geographic distance between any two sites is <2 km within the two groups, while it becomes 6 km if all three groups are included. In group A, variations between sites are very small, as demonstrated by low values of Fst (average, 0.028) and small genetic distances (0.0024). In contrast, group C, in spite of the smaller area, exhibits the greatest heterogeneity between sites, with an average genetic distance of 0.147. Moreover, the fixation indices are more heterogeneous between loci, with values ranging from 0.031 (Gpdh) to 0.463 (Adh). Group B, in the center of the city, is generally intermediate between groups A and C but is closer to group C. DISCUSSION A strong argument for assuming the adaptive significance of Adh polymorphism has been the observation of parallel latitudinal dines on different continents (9) (10) (11) (12) . Tropical populations are consistently characterized by a strong prevalence of the S alleles, while F is most abundant in temperate climates. The slope of these dines is always very smooth, corresponding to 1% or 2% ofgene frequency for 10 of latitude (13) , so that any consistent difference between geographic populations is only observed over long distances measured in units of thousands of kilometers. It has always been assumed (5) that the strong dispersal capacity of the fruit flies was the reason for such long-distance variations: selective pressures o-O00 O 8 fruit, domestic residues, garbage, and, in the country, peelhen did the present genetic structure arise? The first ings of manihot: all these resources are likely to contain a le was studied in 1973, but at that time (9), only alcohol much lower amount of alcohol. When moving away from the The limits of the three groups are indicated on the map in Fig. 1 . Values of n refer either to the number of samples or to the number of paired observations (correlations or distances). Since the four characters were not measured in all samples, n values vary according to the trait under study. Fst, fixation index between samples; r, correlation between the geographic distance of the two samples and their genetic differentiation. *P < 0.05. [2] [3] [4] [5] . So, the short-range structure in Brazzaville mimics the long-range latitudinal variations known in other parts of the world (11, 16, 17) . The positive correlation found between Adh-F and Gpdh-S has also been observed in experimental populations (3, 18, 19) . This is presumed to be related to the apparent kinetic superiority of the Gpdh-S allozyme in the mitochondrial shuttle system, which is primarily responsible for maintaining the NAD-NADH balance (20) (21) (22) . The strong positive correlation between Adh-F and G6pd-F is a more surprising result. Several investigators (23) (24) (25) have argued that the polymorphisms of the phosphogluconate oxidative pathway enzymes-i.e., G6pd and 6Pgd (6-phosphogluconate dehydrogenase)-are maintained by selection. However, a functional relationship with Adh or Gpdh in relation to ethanol adaptation, as suggested by the Brazzaville observations, seems an interesting hypothesis that deserves further investigation. In this respect, variations in G6pd activity in natural populations were found to be positively correlated to those of Adh and negatively correlated to those of Gpdh (18) . On the other hand, a functional relationship is suggested. The detoxification of ethanol leads to production of a large amount of acetate, and there is evidence that at least part of this is used for fatty acid synthesis (26, 27) . This synthesis uses NADPH as a cofactor, a large amount of which is produced by the enzymes of the phosphogluconate oxidative pathway (23) (24) (25) .
Finally, assuming that the microspatial structure of Brazzaville populations is a consequence of ethanol selection in breweries, we pose the question: what is the situation in other tropical cities? Breweries exist in all major cities of the world and presumably produce similar alcoholic residues. As far as is known (refs. 9 and 10; unpublished results), the situation in the Brazzaville area is not observed in other African cities. We have also investigated natural populations around rum factories in the French West Indies (22) : these populations, with respect to the three loci investigated here, are almost identical to those found outside Brazzaville. Several hypotheses may be considered in explaining the peculiarity of Brazzaville populations. One is that a small propagule of flies from a temperate country was accidentally introduced during the past decade. This introduction would have permitted the development of populations adapted to alcohol, which would be favored in the artificial environment of breweries. Consistent with this hypothesis is the fact that European and African populations usually exhibit significant differences in the composition of their cuticular hydrocarbons (28, 29) . In a preliminary survey, a brewery sample from Brazzaville exhibited European characteristics, while a country sample harbored the usual hydrocarbons of African flies (J. M. Jallon, personal communication).
